Introduction
Environmental degradation has emerged as a serious social and economic problem. In fact, several governmental policies also encourage the business organizations to re-use or recycle used materials with a view to prevent further environmental degradation.
The impact of this consciousness on organizations is forcing them to adopt all such methods and to undertake necessary activities to prevent further degradation of the environment. Reverse manufacturing is one of the popular methods undertaken by the manufacturing organizations to recycle the goods after these have been procured from the customers and their reuse effectively for the same purpose. Reusable and recycle-able materials/articles are procured from the customers through reverse distribution channels and reconverted through appropriate processes to appear as new and usable. This paper has been prepared in the backdrop of a very high level of ecological consciousness on the part of the government and society. Good reverse logistics models in the company gives the company a good competitive advantage and also helps the company to save money and make better profit. Schrady (1967) was the first who studied the problem on optimal lot sizes for production/procurement and recovery. Nahmias and Rivera (1979) have studied an EPQ variant of Schrady's model (1967) with a definite recovery rate for issues in the greening process. Mandal and Phaujdar (1989) developed an economic production quantity model for deteriorating items with constant production and stock dependent consumption rate. Datta and Paul (1990) conducted research on the analysis of the inventory system which describes the demand rate as a power function of on hand inventory and constant holding cost. Khouja and Meraj (1995) extended the EPLS model with variable production rate and imperfect production. Teng and Chang (2005) proposed economic production model for deteriorating item with price and stock dependent demand.
Sana (2007) developed volume flexible inventory model with imperfect production process. Sing and Jain (2009) worked on reserve money for an EOQ model in an inflationary environment under supplier credits. An inventory model on short life-cycle deteriorating product remanufacturing in a green supply chain model was developed by Chung and Wee (2011). Singh and Saxena (2012) derived an optimal returned policy for a reverse logistics inventory model with back orders.
Assumptions

1.
Production rate is linear function of Demand.
2.
The demand rate is deterministic and is a known function of the on hand inventory q . The functional relationship between the demand rate ( ) f q and the inventory level ( ) q t is given by the following expression:
Where β denotes the shape parameter and is a measure of responsiveness of the demand to changes in the level of on hand inventory and D denotes the scale parameter.
3.
Deterioration rate is constant.
4.
Items are returnable and are remanufactured. Remanufactured items are as good as new ones and they are used during the shortage period of forward manufacturing.
5.
The time horizon of the inventory system is infinite. Only a typical planning schedule of length T is considered, all remaining cycles are identical.
6.
Shortages are allowed and are completely backlogged.
7.
The production time interval for forward production coincides with the collection time interval for reverse manufacturing.
(This assumption is not applicable during the period of shortages) 
Notations
Mathematical Model
This Model consists of two systems forward manufacturing and reverse manufacturing. At the beginning of each cycle, the inventory stock is zero and production starts at the very beginning of the cycle.
As production progresses the inventory of finished goods piles up even after meeting the market demand, deterioration / obsolescence.
At the beginning of each cycle the process of collecting returnable items in a separate store also begins. At a point where the production from the forward manufacturing system stops; the collection process of returnable items also stops at the same point. At this very point the remanufacturing of returnable items begin at a constant rate. The accumulated inventory produced from the advanced manufacturing system the meanwhile starts getting consumed and ultimately becomes nil. The accumulated inventory of remanufacturing products (which are assumed to be as good as the newly produced products) is consumed when the shortages from the forward manufacturing system begin to surface. Also at this stage there is no production and inventory of remanufactured items is consumed till it becomes nil.
When the inventory of remanufactured items is also nil, inventory shortages begin to accumulate for sometime. Thereafter, production starts and shortages are gradually cleared after meeting demand and the cycle ends with zero inventory. Graphical description is shown in Forward manufacturing process
Differential equations representing reverse manufacturing collecting time and consuming time.
is the production lot size during the interval 0, p t in forward manufacturing system. 
(see Appendix A)
solving (3.1a) and (3.1b), we have 
The cycle consists of five stages; time for each stage and the cycle time have been calculated as below: Our problem is to find the time to stop the production when q takes optimum value Q and the time to again start the production when maximum shortages accumulate. As l increases, production occurs at a more rapid rate. Hence for large l, the model should approach the instantaneous delivery situation of the EOQ model. For largel ,
Thus as l increases towards infinity, the optimal run size for the model approaches the EOQ when shortages are allowed.
Numerical example
The Here we derive the optimal solution for the different returned rate and holding cost. Results are presented in Tables 3.1 as follows: 
Observations:
Following observations are made from Table 3 .1:
• As ξ increases, Q and T ' decreases and holding cost also decreases.
• As ξ increases, shortage cost increases and total average cost slightly increase.
Following observations are made from Table 3 .2:
Case 1: When holding cost per unit is lesser than the shortage cost per unit (0.5).
• As holding cost increases, Q & T ' decreases.
• As holding cost increases, there is very slight increase in the total average cost.
Case 2: When holding cost per unit is greater than the shortage cost per unit (0.5).
• As holding cost increases, Q and T' decreases but the rate of decreasing is less as compared to Case 1.
• As holding cost increases, total average cost increases and the rate of increasing is more as compared to Case 1.
Comparative observations from Table 3.1 and Table 3 .2:
• When h s c c = , total average cost incurred is more as compared to the cost incurred when h s c c ≠
Conclusion:
When remanufacturing is undertaken, from the management standpoint there is no perceptible cost difference in terms of total average cost consisting of holding cost, shortage cost, deterioration cost and set-up cost. In view of the governments concern about ecological protection, the management can adopt the system at almost no major incremental costs. As the ratio ξ increases, there is very slight increase in the total average cost.
Further research can be extended to consider the issue of multi objective optimization model, collection of used items during reverse manufacturing period also, inflation and discounting, etc. 
Appendix
